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Sea-Level Physical Activity and Acute Mountain
Sickness at Moderate Altitude

BENJAMIN HONIGMAN, MD, Denver, Colorado; MARTIN READ, MD, Seattle, Washington; DENNY LEZOTTE, PhD,
Denver, Colorado; and ROBERT C. ROACH, PhD, Albuquerque, New Mexico

The effect of previous physical conditioning on young well-conditioned mountaineers in relationship
to acquiring acute mountain sickness is controversial. Data show both increased and decreased effects
on the incidence of altitude illness. How general tourists at moderate altitudes are affected is un-
known. To determine the influence of sea-level habitual physical activity on the incidence of mountain
sickness, we surveyed 205 participants in a scientific conference at 3,000 m (9,840 ft). A 36-item ques-
tionnaire was distributed to the subjects 48 hours after arrival at altitude. Their sea-level physical ac-
tivity (SLPA) was measured by a published and validated instrument that included questions about
patterns of work, sporting, and leisure-time activities. Acute mountain sickness was defined as the
presence of 3 or more of the following symptoms: headache, dyspnea, anorexia, fatigue, insomnia,
dizziness, or vomiting. Most of the respondents were male (62%) from sea level (89%) with a mean
age of 36 ± 8.7 (standard deviation) years (range, 22 to 65). Nearly all (94%) were nonsmokers, and
28% had acute mountain sickness. The mean SLPA score was 8.0 ± 1.3 (range, 5.1 to 12.0). No statisti-
cally significant difference in mean SLPA scores was found between those with and without acute
mountain sickness (8.1 versus 7.8), nor in the individual indices (work, 2.5 versus 2.4; sport, 2.9 versus
2.7; leisure, 2.8 versus 2.7). We conclude that habitual physical activity performed at sea level does not
play a role in the development of altitude illness at moderate altitude in a general tourist group.
(Honigman B, Read M, Lezotte D, Roach RC: Sea-level physical activity and acute mountain sickness at moderate alti-
tude. West j Med 1995; 163:11 7-121)

Acute mountain sickness (AMS) is a symptom com-

plex consisting of headache, dizziness, insomnia,
and gastrointestinal complaints that occurs in 12% to 60%
of travelers to altitude."2 Although most studies concern-

ing AMS and other related altitude illnesses have been
conducted on small physically fit groups with exposure to
very high altitudes, millions travel to moderate eleva-
tions, and AMS may develop in as many as 25%.3'4

The rapidity of ascent, the elevation attained, and
underlying pulmonary problems have been identified as

increasing the risk of symptoms developing."3 The effect
of physical conditioning on the development of AMS,
however, remains unknown. Studies conclude that greater
levels of aerobic capacity increase' or have no effect
on the risk of AMS developing.67 Others suggest that
physically fit persons are better able to tolerate mild to
moderate symptoms.8

We, therefore, studied a group of tourists traveling to
moderate altitude to determine the association of sea-

level habitual physical activity (SLPA) with the develop-

ment of AMS and to determine whether SLPA can be
used to predict persons at risk for altitude illness.

Subjects and Methods

The study group consisted of 205 adults attending a
scientific conference at a Rocky Mountain resort located
at 3,000 m (9,840 ft). Most (128 [62%]) participants were
male; their mean age was 36 ± 8.7 years (standard devia-
tion) (range, 22 to 65); 182 (89%) lived at sea level (be-
low 1,000 m [3,280 ft]); 194 (94%) were nonsmokers;
and 125 (61%) had at least one alcoholic drink after ar-
rival. The mean body-mass index9-weight in kilograms
. height in m2-demonstrated that the study group was
representative of the general population in terms of body
habitus (male = 23.7 ± 4.5; female = 21.1 ± 5.1).

The conference was chosen as one whose schedule re-

quired all participants to attend an early morning meeting
within 48 hours of arrival, when the questionnaire could
be distributed. Study personnel attended this meeting and
distributed and collected the questionnaire as participants
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ABBREVIATIONS USED IN TEXT
AMS = acute mountain sickness
SD = standard deviation
SLPA = sea-level [habitual] physical activity
Vo2max = maximum oxygen consumption

passed through the one available doorway. The survey in-
strument was completed by 96% of the persons attending
the meeting, and data satisfactory for analysis were ob-
tained in 99% of completed surveys.

Questionnaire
The questionnaire was designed to elicit data regard-

ing demographics, level of habitual physical activity, and
symptoms of AMS.

Sea-level physical activity was measured using an in-
strument developed by Baecke and co-workers.10 It is a

compilation of constituent indices measuring activity at
work, during sports, and during leisure time. Responses
were assessed on a 5-point Likert scale-never, seldom,
sometimes, often, always--except for two that asked for
type of activity. The first was occupation, which was then
coded into one of the three levels as defined by The
Netherlands Nutrition Council."1 Low-level work activity
corresponded to clerical work, shopkeeping, teaching,
and medical practice; middle-level activity corresponded
to factory work and farming; and high levels of work ac-

tivity included jobs such as construction work and profes-
sional sports. These are similar to occupational and
physical activity classifications developed by other inves-
tigators.12"3 In addition to job class, calculations of work
activity included questions regarding the amount of time
spent sitting, standing, walking, and lifting heavy loads
and the amount of fatigue at the end of a workday.

Sports activity was compiled from questions concern-

ing the type of sport and frequency, duration, and exertion
while playing. Types of sports were divided into three cat-
egories.'3 The lowest category, represented by sports such
as sailing and bowling, corresponded to an average en-

ergy expenditure of 0.76 megajoules (MJ) per hour. The
middle level corresponded to 1.26 MJ per hour and in-
cluded tennis and swimming. The highest level included
rowing and basketball and represented an average expen-

diture of 1.76 MJ per hour.
Leisure-time activity was distinguished from sports

activity by asking questions regarding the amount of time
spent watching television, walking, and cycling in ab-
solute terms and in reference to others of the same age.

Acute mountain sickness was defined as the presence

of three or more of the following symptoms after recent
exposure to altitude: loss of appetite, vomiting, shortness
of breath, dizziness or lightheadedness, unusual fatigue,
insomnia, or headache. This definition is similar to that
used by other investigators."3A4"4'6 Participants were asked
to respond yes or no to a question asking them if they had
experienced any of the above symptoms since arriving at
the resort.

Statistical Analysis
Participants were classified as having or not having

AMS, and then demographic and activity variables were
compared using the Student's t test for normally distrib-
uted variables and the x2 test for discrete variables.

An analysis of variance was used to study the mean
SLPA scores between groups of participants with differ-
ing numbers of accumulated symptoms. Forward-step-
wise multiple logistic regression was used to examine the
independent effect of SLPA, adjusting for age and altitude
of permanent residence, both of which have previously
been shown to be associated with the occurrence of
AMS.2 Sea-level physical activity was evaluated both as
a continuous response attribute and a grouped variable;
age was always incorporated as a continuous response;
permanent residence was dichotomized into sea level (be-
low 1,000 m) and above sea level. All calculations were
performed using the SAS statistical software package.
Variations are expressed as standard deviations. Associa-
tions were considered significant if they achieved a prob-
ability level of less than .05.

Results
Of the study group, 28% reported having three or

more symptoms and hence met the case definition for
AMS. At least one symptom was reported by 73%, with
headache being the most common (n = 120 [59%]). In-
somnia (58 [28%]) and unusual fatigue (48 [23%]) were
present in many visitors, but dizziness (35 [17%]),
anorexia (28 [14%]), and vomiting (5 [2%]) were seen
less commonly.

The distribution of SLPA scores is shown in Figure 1.
The mean SLPA score was 8.0 ± 1.3, with values
normally distributed around the mean according to
goodness-of-fit tests. The individual components of
SLPA scoring were as follows: mean work activity, 2.4 ±
0.3; mean sport activity, 2.8 ± 0.8; and mean leisure ac-
tivity, 2.8 ± 0.6.

When SLPA scores were compared between those
with and without AMS, no significant differences were
found (Table 1). Mean SLPA scores for the two groups
were 7.8 ± 1.3 and 8.1 ± 1.2, respectively. Similarly, no
differences were found between the two groups when the
constituent indices of SLPA were compared. Of note,
however, is that the leisure-time index (time spent watch-
ing television, reading, and so forth) tended toward
significance (P = .06).

To further investigate the association of SLPA with
an increased number of symptoms defining AMS, a one-
way analysis of variance was used. Figure 2 plots the
mean SLPA scores stratified by the number of AMS
symptoms. This analysis failed to demonstrate differences
in the mean SLPA scores between these groups (P = .64,
R2 = .01).

Forward-stepwise multiple logistic regression also
failed to show that SLPA, after adjusting for age and
sea-level residence, was predictive of AMS developing
(P = .16).
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Figure 1.-The graph shows the distribution of sea-level physical activity (SLPA) scores in visitors to mod-
erate altitudes.

Discussion
The main finding of this study is that there was no ap-

parent association between sea-level habitual physical ac-
tivity and the development of acute mountain sickness in
the general population traveling to moderate altitude
(3,000 m). This report represents the largest observation
of persons who have a broad range of activity patterns at
sea level and the influence of these fitness levels on alti-
tude illness.
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Despite Ravenhill's early observation that "young,
strong and healthy men may be completely overcome [by
AMS] while stout plethoric individuals ... may not even
have a headache,"''7'P135 the precise effect of physical fit-
ness on the development ofAMS remains unknown.

In two studies, hundreds of persons in the Indian army
who traveled to between 3,000 and 4,500 m (9,840 and
14,760 ft) were studied, and the investigators noted that
AMS developed in all types of persons "without any
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Figure 2.-The graph shows the distribution of mean sea-level physical activity (SLPA) scores by the
number of symptoms of acute mountain sickness (AMS) in visitors to moderate altitudes. The asterisks
(*) signify the means and the vertical lines the ranges (distribution).
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predilection for the obese."2"8 No information other than
weight was used to measure fitness. Previous work in a

tourist population3 and in a group of Japanese trekkers,'9
however, showed that persons who were obese had a

higher incidence of AMS. Rennie has stated that AMS is
not "in any way related to the state of physical training,"6
whereas Hackett has observed that
fit persons are better able to tolerate mild and moderate AMS. Persons
struggling into camp each day because of their poor conditioning will
often find even mild AMS unbearable ... whereas more fit individuals
might 'tough it out."I8p137)

Yet, the direct effect of physical fitness has been only
minimally studied, using maximum oxygen consumption
(Vo2max) on the development of AMS,5'7 and these results
are conflicting. In one of the studies, no correlation was

found between predeparture Vo2max values and the inci-
dence of AMS in 17 marines at 4,500 m, but few of these
persons had AMS because they took seven days to reach
their destination.7 A second study showed, however, that
the levels of aerobic fitness as measured by the Vo,max
did affect the severity of AMS in 12 young men at 4,300
m (14,1 10).5 Although both of these studies used a physi-
ologic measure of fitness, they were limited to small
groups of healthy young men.

Our report supports the results of others."7 Because of

the size of the group studied, we were unable to use pre-
cise markers of cardiorespiratory fitness such as the
Vo2max. We, therefore, measured fitness by using a de-
tailed questionnaire specifically developed to study habit-
ual activity levels as a measure of physical fitness in the
general population.

Several authors have addressed the assessment of
physical activity in epidemiologic studies and its relation-
ship with physical fitness.20-23 A consensus statement de-
veloped at the 1988 Toronto Conference on Exercise,
Fitness, and Health stated that habitual physical activity
influences fitness despite individual health status differ-
ences.24 The National Heart, Lung, and Blood Institute
found that survey methods using physical activity indices
are associated with ten-year coronary heart disease rates.
The indices are more sensitive in persons with high lev-
els of physical activity than in sedentary persons.25 A sig-
nificant and positive correlation was found between
treadmill performance and leisure-time physical activity
and leisure-time physical activity and personal reports of
sweating and dyspnea.26 Finally, an investigator found
that leisure-time physical activity correlated well with

submaximal physical work capacity.2" Although the ques-

tionnaire we used has not previously been used for alti-
tude investigations, it has been shown to be valid, has
good test-retest reliability, is nonreactive, and is easy and
quick to have participants complete without help from in-
terviewers. There are several other general surveys avail-
able for assessing physical activity,2829 as well as several
quantitative history surveys,30'3 recall surveys,3233 and
diary methods.' Many of these instruments have been
developed to study the effects of physical activity on heart
disease, and they often focus on one aspect of physical
activity, for example, leisure- or job-related activity.
Because most of these require substantial amounts of time
to complete, are focused on only one area of activity, or

require a trained interviewer to administer, they were not
selected for our study.

Although our results suggest that active persons are

no more at risk for the development of AMS than those
who are less fit, the number of persons in this active
group was small. In addition, it is possible that the ques-

tionnaire is not sensitive to the extremely fit or elite ath-
lete, therefore possibly invalidating our results in this
group. A further limitation of the instrument is that no

questions were asked regarding the specific activity un-

dertaken at altitude. It may be that some persons may be
more active at altitude, thus increasing the risk of AMS
developing. Despite these limitations, we think the results
can be applied to the general population of travelers visit-
ing moderate altitudes.

Our findings that sea-level habitual physical activity
is not associated with AMS and is not predictive of who
will have mountain illness supports the fact that no one is
immune from this disorder. This may help practicing clin-
icians when advising their patients regarding travel to
moderate altitudes.
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